INTRODUCTION
Hepatocellular carcinoma (HCC) represents the most common type of liver cancer with approximately 800,000 newly diagnosed HCC cases annually worldwide [1] . Although chemotherapy has been proven to improve clinical benefits for HCC patients, the development of chemoresistance largely restrains the clinical efficacy of HCC chemotherapy [2] . Cisplatin, owing to its ability in suppressing tumor growth and inducing tumor cell apoptosis [3, 4] , is widely used in the treatment of multiple kinds of cancers, including HCC [5] .Unfortunately, a large proportion of HCC patients can develop cisplatin chemoresistance which finally leads to the failure of HCC chemotherapy [6] . However, the detailed molecular mechanisms underlying cisplatin chemoresistance are still elusive and need to be further elucidated.
MicroRNAs (miRNAs) are small (19~25 nucleotides in length), non-coding RNAs which bind to the untranslated region (UTR) of target mRNAs, leading to their degradation or transcriptional repression [7, 8] . Accumulating evidence shave indicated that miRNAs are crucial mediators in regulating tumor growth and chemoresistence [9, 10] . A previous study has linked reduced miR-126 expression to the metastatic recurrence of HCC [11] .However, whether and how miR-126 participates in modulating the progression and cisplatin chemoresistance of HCC has not yet been explored to date. In this study, reduced expression of miR126 was observed in HCC tumors and was correlated with poor survival in HCC patients. Mechanistically, miR-126 caused growth inhibition of HCC cells and desensitized HCC cells to cisplatin treatment by downregulating the expression of IRS1, which reportedly has an oncogenic role in liver cancer. The present study identify miR-126 as a potential tumor suppressor, and can hopefully be beneficial to the clinical diagnosis or treatment of HCC.
EXPERIMENTAL Patients
Tissue samples, including paired tumour and adjacent normal tissues, were collected from 30 HCC patients in The First Affiliated Hospital, College of Medicine, Zhejiang University, between January 2017 and June 2017. The median age of the HCC patients was 48.2 years (20 ~65 years). Informed consent was obtained from all participants, and this study was approved by the Ethics Committee of The First Affiliated Hospital, College of Medicine, Zhejiang University (No.2015-188), all procedures were performed in accordance with the World Medical Association Declaration of Helsinki [12] .
Cell lines
Normal human liver cell line L-02 and HCC cell lines (SMMC-7721, Hep3B, HepG2, Huh7, MHCC-97L, MHCC-97H, and HCCLM3) were purchased from Shanghai Cell Bank of the Chinese Academy of Sciences (Shanghai, China). Cells were cultured in Dulbecco's Modified Eagle medium (DMEM) (HyClone, Logan, UT, USA) supplemented with 10% fetal bovine serum (FBS; Gibco, Gaithersburg, MD, USA), and 1% penicillin/streptomycin (Gibco) at 37 °C in a 5 % CO 2 humidified atmosphere.
Plasmid construction and transfection
MiR-126 mimics, control mimics, siRNA for IRS1 (si-IRS1), and control siRNA (si-NC) were purchased from GenePharma Inc. (Shanghai, China). IRS1 expression plasmid and control plasmid were purchased from Genechem (Shanghai, China). MiRNA or siRNA transfection were carried out using Lipofectamine 3000 reagent (Invitrogen, Waltham, MA, USA). 48 h after transfection, cells were harvested for further analysis.
Quantitative PCR
Total RNA was isolated using TRIzol reagent (Sigma-Aldrich, St. Louis, MO, USA). The cDNA was synthesized using a PrimeScript RT Reagent Kit with gDNA Eraser (Takara, Shiga, Japan) according to the manufacturer's instructions. Quantitative real-time polymerase chain reaction (qRT-PCR) was subsequently performed with SYBR Green Master Mix (Toyobo, Tokyo, Japan) using the primers listed in Table 1 .The relative expression of miR-126 was normalized to U6 and the relative expression of IRS1 was normalized to GAPDH. 
Western blot
Whole-cell protein extracts were prepared using radioimmunoprecipitation assay (RIPA) buffer (EMB Millipore, Hayward, CA, USA). The total protein concentration was determined using a bicinchoninic acid (BCA) assay kit (Thermo Scientific, Scotts Valley, CA, USA).20~40 µg protein samples were electrophoresed and then were transferred onto polyvinylidene difluoride (PVDF) membranes (Millipore). The membranes were blocked in 5% non-fat milk and incubated overnight at 4°C with primary antibodies against IRS1 (1:500, ab52167; Abcam, Burlingame, CA, USA)followed by incubation with horseradish peroxidase (HRP)-conjugated secondary antibody.
Luciferase reporter assay
The cDNA fragments from IRS1 containing the wild-type (wt) untranslated region (UTR) (IRS1-3′-UTR-wt) or mutant (mut)-type (IRS1-3′-UTRmut) miR-126 binding sites were cloned into a pGL3 vector (Promega, Sunnyvale, CA, USA). Firefly and renilla luciferase activities were analysed with a Dual Luciferase Assay Kit (Promega).
Colony formation assay
Cells were treated with 10 μM cisplatin for 2 days followed by three washes with PBS, and then cultured in cisplatin-free media for 10 days. Cell colonies were fixed with methanol and stained with crystal violet (Sigma-Aldrich).
Statistical analysis
All data are presented as mean ± SEM. Statistical analysis was performed using GraphPad Prism software using Student's t-tests or log-rank test. P < 0.05 was considered statistically significant.
RESULTS

MiR-126 expression is downregulated in HCC patients
First, miR-126 expression was assessed in 30 paired HCC tumors and adjacent normal tissues. QRT-PCR results demonstrated significantly reduced miR-126 expression in HCC tumors compared to adjacent normal tissues (Figure 1  a) . Furthermore, we also found significantly higher miR-126 expression in normal human liver cell line L-02 than that in HCC cell lines, including SMMC-7721, Hep3B, HepG2, Huh7, MHCC-97L, HCCLM3, and MHCC-97H cells (Figure 1 b) . This finding was further reinforced by data-mining using TCGA datasets in which the expression of miR-126 also showed a significant reduction in HCC cohort compared to control cohort (Figure 1 c) . More importantly, low miR-126 expression predicted poor overall survival in HCC patients (Figure 1 d) . These findings indicate that miR-126 may function as a tumor suppressor in HCC.
MiR-126 represses the expression of IRS1
To mechanistically determine the role of miR-126 in HCC development and progression, we predicted the target genes of miR-126 using the bioinformatics algorithm TargetScan website. MiR-126 has a putative binding site from 106~112 bp within the 3′-UTR region of IRS1 gene (Figure 2 a) , whose product (IRS1 protein) was reported to promote tumor growth and chemoresistance [13] [14] [15] . To verify this speculation, we transfected miR-126 mimics into two HCC cell lines HCCLM3 and MHCC-97H, and found that both mRNA and protein levels of IRS1 were significantly inhibited upon miR-126 overexpression (Figure 2 b and c) . In luciferase reporter assay, miR-126 overexpression significantly reduced the luciferase activity in HCC cells transfected with IRS1-wt reporter but not in those transfected with IRS1-mut reporter, which harbors a mutant binding site for miR-126 (Figure 2 d) . Moreover, mRNA abundance of IRS1 was significantly higher in HCC tumors than that in adjacent normal tissues (Figure 2e) . Importantly, there was a significant negative correlation between the levels of miR-126 and IRS1 in HCC patients (Figure 2 f) . Similarly, IRS1 expression was significantly higher in HCC cell lines than in normal liver cell line (Figure 2 f) , and a negative correlation between the levels of miR-126 and IRS-1 was also observed in these cell lines (Figure 2 g ). Thus, miR-126 dampens IRS1 expression in HCC cells.
Overexpression of miR-126 suppresses HCC cell proliferation
To determine the functional impacts of miR-126 and IRS1 in HCC cells, we transfected HCCLM3 and MHCC-97H cells with miR-126 mimics to restore miR-126 expression. Forced expression of miR-126 significantly inhibited the proliferation of HCC cells as evaluated by CCK-8 assay (Figure 3 a,b) . On the other hand, silencing the expression of IRS1 in HCC cells also caused significant growth inhibition of HCC cells ( Figure  3 c,d ).These results suggest that IRS1 facilitates the proliferation of HCC cells, whereas miR-126 causes the opposite effect. 
MiR-126 sensitizes HCC cells to cisplatin
To assess the potential impact of miR-126 on HCC cell chemoresistance, miR-126-transfected or sham-transfected HCCLM3 and MHCC-97H cells were treated with cisplatin. As expected, cisplatin treatment apparently reduced the viability of HCC cells in a dose-dependent manner. Notably, miR-126 rendered HCC cells more sensitive to cisplatin treatment in all cisplatin concentrations we examined (Figure 4 a  and b) . MiR-126 also sensitized HCC cells to cisplatin in a time-dependent manner. Importantly, ectopic expression of IRS1 significantly reversed the effect of miR-126 ( Figure 4 c and d) . Through colony-forming assay, we also observed that miR-126 significantly inhibited the colony-forming capacity of cisplatin treated HCC cells, whereas this inhibition was largely abrogated by the concomitant expression of IRS1 (Figure 4 
DISCUSSION
Emerging evidences have indicated that the dysregulated expression of certain miRNAs can enhance various malignant behaviours of tumor cells, including growth promotion, apoptosis inhibition, triggering epithelial-mesenchymal transition (EMT), or inducing chemoresistance [8, 16] . Among the cancer-related miRNAs, miR-126 has been implicated in inhibiting the metastatic recurrenceof HCCs, suggesting the potential value of miR-126 in the diagnosis or treatment of HCC. However, the impact of miR-126 on the growth of HCC cells remains unknown. On the other hand, owning to the fact that cisplatin chemoresistance greatly restrains the therapeutic efficacy of HCC, identifying miRNAs which are involved in the modulation of cisplatin sensitivity in HCC cells is also of great significance.
This study first time demonstrated that miR-126 expression was decreased in primary HCC tissues relative to tumor-adjacent tissues. Moreover, the reduction of miR-126 expression was associated with poor survival of HCC patients.
Mechanistically, this study identified IRS1 could be directly targeted by miR-126 for downregulation. The reduction of IRS1 was observed both in mRNA and protein levels, suggesting the ability of miR-126 in degradating IRS1 mRNA.IRS1 functions as a key molecule that transmits signals from IGF-1R to downstream pathways such as the PI3K/Akt and MAPK pathways [17] . Overexpression of IRS1 was reported to promote the proliferation of hepatocytes and thus potentially contributed to HCC progression [18, 19] . Furthermore, IRS1 reduced the radiosensitivity human prostate cancer cells by accelerating double-strand break repair [20, 21] .The oncogenic role of IRS1 was also observed in breast cancers [22] . However, how the expression of IRS1 is regulated in human cancers is still far from understood. Here, IRS1 was found to be downregulated by miR-126, although miR-126 conferred higher cisplatin chemosensitivity in HCC cells, concomitant overexpression of IRS1 largely abrogated the effect of miR-126. The clinical relevance of miR-126/IRS1 axis was further reinforced by the observation that their expression was negatively correlated in HCC specimens. However, in spite of this present findings in HCC cells, whether miR-126 can also modulate the chemosensitivity in other types of cancer cells still need further investigation. In summary, this study indicates the potential value of miR-126 in the diagnosis or chemotherapy of human hepatocellular carcinoma.
CONCLUSION
MiR-126 downregulates the proliferation and cisplatin chemoresistance of HCC cells by targeting IRS1.
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